Citation: Soliman G.F., Khattab A., Habil M., Experimental Comparative Study of potential anxiolytic effect of Vitamin C and Buspirone in rats. Functional Foods in Health and Disease 2018; 8(2): 91-106 ABSTRACT Background: Anxiety disorders are the most common of all mental health problems. They are more prevalent among women than among men, and they affect children as well as adults. The aim of the current study is to evaluate this problem via an experimental animal model and try to explore its possible mechanisms by studying the effect of Vitamin C compared to Buspirone on anxiety in rats induced by Monosodium Glutamate (MSG).
Results:
The results after 3 weeks revealed that the MSG group showed significant anxiogenic effects in both behavioral tests, with an increased percentage change of SBP in addition to increased malondialdehyde and corticosterone levels measured statistically. While the results of the treated groups revealed that the Vitamin C (100mg/kg) treated group demonstrated significant improvement in anxiety levels in the open field test, there were no significant changes in the biochemical assessment. However, the vitamin C (200mg/kg) treated group revealed a significant anxiolytic effect in behavioral tests, improved glutathione and malondialdehyde with low corticosterone level. Administration of buspirone revealed significant anxiolytic effects, which is lower than that of vitamin C (200mg/kg). However, it caused significant increase in the oxidative stress and corticosterone levels. A combination of buspirone with Vitamin C (200mg/kg) only demonstrated significant anxiolytic effect in both tests and a significant decrease of corticosterone.
INTRODUCTION
Anxiety disorders are a growing health problem all over the world and, like many psychiatric disorders, they have different aetiologies [1] . These disorders include Oxidative Stress (OS), which is the shift in balance between oxidant/antioxidant in favor of oxidants. This occur due to either increased levels of reactive oxygen species, or the importance of the antioxidant system [2] . Among the harmful effects of ROS, lipid peroxidation is the most important as it leads to the breakdown of lipids with formation of a wide variety of products such as malondialdehyde (MDA) and hydrocarbons (e.g. ethane and ethylene [3] ). The brain, with its high oxygen consumption and lipid-rich environment, is highly susceptible to oxidative stress or redox imbalances, which may explain why oxidative stress is implicated in several mental disorders including depression, anxiety disorders, schizophrenia, and bipolar disorder [4] .
Chronic stress or prolonged exposure to glucocorticoids can lead to hippocampal atrophy by producing dendritic retraction. This may play an important role in the pathogenesis of a range of neuropsychiatric disorders, including anxiety disorders such as post-traumatic stress disorder (PTSD) [5, 6] .
Another possible mechanism is the disturbance of serotonin (5-HT) levels, as its depletion in medial prefrontal cortex is associated with increased anxiety-like behavior in rats [7] . This is evident in the tendency to develop new obsessions [8] . Monosodium Glutamate (MSG) is one of the flavor enhancers used in modern nutrition which can cause anxiety-like behavior in rats [9] through the increasing production of oxygen free radicals. Additionally, it was reported that anxiety leads to more liability to develop hypertension [10] .
Vitamin C is one of many antioxidants which are able to reduce ROS, resulting in the formation of a relatively stable ascorbate free radical (AFR). The AFR is reduced back to ascorbate within cells by NADH and NADPH-dependent reductases [11] . Accordingly, it can block damage caused by oxygen free radicals, which appears to be one of the roles in the pathophysiology of anxiety [12] . Consequently, several researchers have investigated its anxiolytic effect. Furthermore, it helps regeneration of tetrahydrobiopterin (BH4), which acts as a cofactor in conversion of tryptophan into 5-HT [13] . It is able to reduce cardiovascular adrenergic drive in hypertensive patients, and therefore may help to decrease hypertension associated with anxiety [14] .
Buspirone is 5-HT 1A receptor partial agonist that is approved to be useful in generalized anxiety disorders [15] . The present work was performed to evaluate the protective effect of Vitamin C compared to Buspirone and in combination against anxiety induced by monosodium glutamate in albino rats.
MATERIALS AND METHODS

Animals:
About 56 healthy adult male albino rats Sprague-Dawley weighing 200-250 gm were used. Rats were bred in the animal house at Kasr El-Aini, Faculty of medicine, Cairo University and divided into 7 groups. Each group of rats was housed in a cage at ordinary room temperature, humidity, natural daily light dark cycle, and fed with the standard diet in the form of rodents' pellets and clean water. The rats were left for an initial adaptation period for at least one week before subjecting them to the experimental manipulation(s). All the experiments were carried out between 9.00 a.m. and 2.00 p.m. and were conducted according to the regulations of the committee of bioethics for animal experiments of Kasr Al-Aini.
Drugs: Vitamin C (L-Ascorbic acid) and Monosodium glutamate were obtained from the International Company for Scientific and Medical Supplies in Mazallat, Cairo, Egypt as a powder and Buspar as tablets, with each tablet containing 15 mg of Buspirone hydrochloride which were manufactured by Smithkline Beecham (SB) Egypt for Glaxo Smith Kline (GSK). Tablets were crushed and then dissolved in distilled water. All of the drugs were used orally using a gastric gavage needle.
Kits: Corticosterone ELISA Kit produced by Assay pro LLC., USA, Glutathione reductase Kit produced by the Bio-Diagnostic Company, Egypt, to detect its level in plasma by Ultra Violet method and Lipid Peroxide Kit produced by the Bio-Diagnostic Company, Egypt, to detect its level in plasma using the Colorimetric method.
Experimental design: After acclimatization for 1 week, the rats were divided into 7 groups (8 rats each) and subjected to the study for 3 weeks: The first and the second groups were provided with normal saline and Monosodium glutamate (MSG) at a dose of (2 mg/g p.o.) [9] respectively. The other five groups were given MSG and treated in the following ways: The third and fourth groups were treated with Vitamin C (100 mg/kg p.o.) [10] and (200 mg/kg p.o.) [11] respectively. The fifth group was treated daily with Buspirone (10 mg/kg p.o.) only [12] , while the sixth and seventh groups were treated with a combination of Buspirone and Vitamin C; the sixth group with 100 mg/kg and the seventh with 200 mg/kg. 
Estimation of anxiety pharmacologically
Open field test according to [13] : The open field test (OFT) analyzed many parameters that include total distance moved (ambulation score), time spent along the walls (thigmotaxis) compared to the time in center, rearing (standing on rear limbs), and levels of defecation and urination. The test duration was 5 minutes [14] . At the beginning of the test, each rat was placed individually at the center of the square area. The ambulation score (number of square crossed) and rearing number (standing upright on the hind legs) were calculated. After each individual test session, the floor was cleaned with 70% ethanol [15] .
Successive alleys test according to [16] : The apparatus was elevated approximately 50 cm by clamping the back-extended floor of alley 1 to a laboratory bench. Each rat was placed in section 1 of the apparatus away from sections 2-4. The behavior was recorded for 3 minutes using a Sony digital camera (Model DSCW380S). The amount of time spent in each alley was calculated. More time in alley (1) reflected higher anxiety [17] .
Blood pressure measurement [18] : The systolic blood pressure (SBP) of each rat was measured before and after the behavioral tests [19] . SBP was determined using non-invasive blood pressure methodology in conscious rats. For each rat, SBP values were calculated as the mean of a minimum of three measurements. Then the percentage change in SBP after behavioral tests was calculated: Percentage change of SBP (in mmHg) = (SBP after tests -SBP before tests) / SBP before tests x 100.
Biochemical estimation: Blood samples were collected using citrate as anticoagulant. Then, samples were centrifuged at 3,000 rpm for 10 minutes at +4°C. The yellow plasma samples were collected with a pipette without disturbing the white buffy layer: Plasma Glutathione reductase (GR) activity [20] . GR catalyzes the reduction of oxidized glutathione to reduced glutathione (GSH) (in the presence of NADPH, which is oxidized to NADPH + ). The plasma was added into cuvette one cm light path. Assay was carried out at 25°C and the absorbance is recorded at zero time, 1 and 5 minutes at 340 nm. Then the decrease in absorbance per minute (Δ A340 nm / minute) was calculated through the following:
Plasma Lipid hydroperioxide level [21] : Thiobarbituric acid (TBA) reacts with MDA in acidic medium at temperature of 95°C for 30 minutes to form thiobarbituric acid reactive product. The reaction mixture was finally made up to 4.0 ml with distilled water. Afterwards, samples were incubated for 1 hour in 95°C. After being cooled with tap water, 1.0 ml of distilled water and 5.0 ml of mixture of butanol-pryidine was added. The mixture was shaken for 10 minutes and then centrifuged at 4,000 rpm for 10 minutes. Butanol-pryidine layer was measured spectrophotometrically at 534 nm.
Serum corticosterone level:
Corticosterone concentrations were determined from serum using enzyme-linked immune sorbent assay (ELISA). Serum samples were collected into serum separator tubes. After clot formation, samples are centrifuged at 3000 rpm for 10 minutes and serum was removed. Then it was diluted as 1:200 into Enzyme Immunoassay (EIA) diluent [22] .
Statistical Methods
Data was coded and entered using the statistical package SPSS (Statistical Package for the Social Science) version 23. Then data was summarized using mean and standard deviation by one-way ANOVA (analysis of variance) to compare more than two groups as the regarded quantitative variable. In addition to use of the post hoc (LSD = least significant difference) test to find intergroups significance. A probability level of less than or equal 0.05 was considered statistically significant [23] 
RESULTS
Effect of monosodium glutamate on behavioral tests, blood pressure and biochemical tests:
The results showed significant anxiogenic behaviors induced by MSG. This was manifested by the significant decrease of the ambulation score (number of squares entered with all paws) and the frequency of rearing (standing on the hind limbs) Figure 4 ,5): There was significant increase in the ambulation score in Group III compared to Groups I and II. Additionally, number of rearing was significantly increased compared to Group II. In the successive alleys test, Group III spent an insignificant amount of additional time in alley (2) compared to MSG-treated group along with less time in alley (1). These findings signify that low dose vitamin C has anxiolytic effect in the open field test although it has no anxiolytic effect in the successive alleys test. For example, Group IV resulted in significant anxiolytic effects in both tests, represented by a significant increase in both the ambulation score and frequency of rearing. Additionally, time spent in alley (1) was significantly decreased compared to both the control and MSG-treated group. Moreover, time spent in alley (2) was significantly increased compared to the control group, MSG-treated group, and all other treated groups. In Group V, buspirone caused insignificant increase in the ambulation score and the number of rearings compared to MSG-treated group. However, in the successive alleys test, time spent in alley (2) was significantly increased compared to MSG-treated group, which indicates that it had less anxiolytic effect than vitamin C, especially in high dose.
Combination of buspirone with vitamin C low dose and MSG in Group VI showed changes in the open field and the successive alleys tests that were similar to Group V. However, a combination of buspirone and vitamin C high dose and MSG in Group VII improved anxiety related behaviors significantly, compared to MSG-treated group and buspirone-treated group in both the open field and the successive alleys tests. C (100,200 mg/kg) , buspirone and their combination on blood pressure (Table 1, Figure 6 ): % change of SBP after behavioral tests Group III and IV improved significantly compared to the MSG group. This means that vitamin C, in either low or high doses, caused improvement in percentage change of SBP. Furthermore, the combination of buspirone with vitamin C, either with low dose or high dose, caused significant improvement in % change of SBP compared to MSG-treated group. Figure 9) : Low dose vitamin C demonstrated insignificant changes in the GR, MDA, and corticosterone levels compared to the MSG-treated group. However, high dose vitamin C showed significant improvement in the oxidative state parameters compared to MSG-treated group. This was represented by the increased level of GR and the decreased level of MDA. Furthermore, the corticosterone level was significantly decreased compared to the MSG-treated group. On the other hand, buspirone demonstrated a significant increase in the oxidative state along with a significant increase in plasma corticosterone level compared to the control and MSG-treated groups. However, a combination of buspirone with vitamin C, in either low doses or high doses, (Groups VI and VII) caused significant increase in the oxidative state (shown as decreased GR level and increased MDA level) and increased corticosterone level compared to Group I. However, there were insignificant changes in the biochemical tests results compared to Group II. Moreover, both groups demonstrated significant improvement in plasma corticosterone levels compared to (Group V).
3.3-Effect of vitamin
Based on the present data it can be concluded that vitamin C has anxiolytic effect on MSGinduced anxiety in rats. However, the high dose (200 mg/kg) was more effective. Its anxiolytic effect is better than that of buspirone. 
DISCUSSION
Buspirone is used for the treatment of anxiety disorders. However, it can take from one to three weeks to become clinically effective. This delayed onset of action is due to the time required to desensitize 5-HT 1A presynaptic receptors [24] . In the present work, buspirone-treated group demonstrated neither insignificant decrease nor increase in the mean ambulation score and the mean number of rearing in the open field test compared to the control group or MSG-treated group respectively, while it caused significant increase in successive alleys test compared to MSG-treated group. A study mentioned that buspirone (at doses of 3 and 10 mg/kg) did not reduce anxiety-like behavior in the open field test in the C 57 BL/6 J mice strain [25] . Moreover, it has been mentioned that buspirone could not affect anxiety during the open field test [26] . This was indicated by the decreased number of crossed squares compared to the control group.
However, vitamin C treated groups, especially in high doses, demonstrated significant improvement in the behavioral tests compared to the MSG-treated group. A combination of buspirone and vitamin C high dose improved anxiety related behaviors significantly compared to MSG-treated group and buspirone-treated group in both tests.
The anxiolytic effect of vitamin C has been reported in the study of [27] who mentioned that vitamin C (160 mg/kg) increased the walking frequency and the number of rearing in rats during the open field test. However, a study reported that vitamin C (at a dose of 200 mg/kg) alone did not cause any significant changes in the locomotor activity of rats [28] .
This was also in accordance to a study which mentioned that vitamin C (100 mg/ kg) significantly prevented the neurobehavioral changes in rats that were induced by MSG including anxiety in the elevated plus maze test [9] . This role may be due to the involvement of vitamin C in presynaptic reuptake of glutamate, which also inhibits binding of glutamate to the N-methyl D-Aspartate (NMDA) receptor [29] . Additionally, in another study vitamin C (250 mg/kg) decreased the glutamate levels and reversed the neuronal cell death induced by MSG in the hippocampus of rats [30] .
Vitamin C or L-ascorbic acid, as an antioxidant, has been studied in many neuropsychiatric disorders [317] . It can improve cognition and memory. It also protects against Parkinson's disease and atherosclerosis of cerebral blood vessels. Moreover, vitamin C can decrease anxiety level which suggests potential function as an anxiolytic drug [32] .
The underlying mechanism of this anxiolytic effect may be due to the antioxidant properties of vitamin C. It can scavenge oxygen free radicals generated within the cells or plasma before they can damage DNA, proteins, or lipids [33] . Additionally, it promotes the ability of other antioxidants like vitamin E to break the chain of lipid peroxidation in the lipid bilayer of the cell membrane [34] . Moreover, another study discovered that vitamin C combined with vitamin E at a dose of vitamin E 400 IU + vitamin C 1 g/daily for 14 weeks was effective in reducing the MDA level as a marker of lipid peroxidation in lead-exposed workers [35] . Additionally, the antioxidant enzymes activities including the GR enzyme were improved. This protective effect has been studied by Al-Harbil et al who reported that the treatment of the adult mice with vitamin C at a dose of 125 mg/kg, prior to MSG, restored the efficiency of the antioxidant enzymes [36] . Additionally, another study reported that vitamin C significantly increased the anxiolytic effect of progesterone through the reduction of the oxidative stress represented by low MDA levels. [37] . Another protective role of vitamin C against anxiety disorders relates to its function of the recycling of tetrahydrobiopterin, which is used in the conversion of L-tryptophan to 5-hydroxy-l-tryptophan in serotonin synthesis pathways [38] .
Regarding clinical studies, a randomized, placebo-controlled trial revealed that a daily oral dose of 500 mg of vitamin C had reduced anxiety levels in students [39] .
In the all treated groups -vitamin C alone, buspirone by itself, or a combination of boththere was significant decreased in the mean percentage change in SBP compared to MSG group. These findings are in agreement with a study which mentioned how vitamin C infusion (3 g intravenously in 5 min) significantly lowered the SBP in hypertensive patients. This action may be through an inhibitory effect on the sympathetic nervous system [40] .
Additionally, another study reported that the administration of buspirone (at doses of 0.25 mg/kg and 0.5 mg/kg) reduced the SBP [41] . This may be due to increased parasympathetic activation and decreased activity of catecholamines and aldosterone.
In the present study, the plasma GR activity was insignificantly decreased in the MSGtreated group compared to the control group. However, the mean MDA activity was significantly increased. A study mentioned that MSG (500 mg/kg) increased the MDA and decreased the GSH concentrations in the brain of mice [42] .
However, in the buspirone-treated group, the GR level was significantly decreased and MDA level was significantly increased compared to the control. These results refer to the possible role of buspirone in the increased oxidative stress state. Its combination with vitamin C (in either dose) could not protect against that oxidative stress. This is in contrast with another study that discovered buspirone caused antioxidant-like effects represented by reduced lipid peroxidation and restoration of the GSH level [43] .
Regarding the serum corticosterone level, it was significantly increased in the MSG-treated group compared to the control group. This finding refers to the possible disturbing effect of MSG on the hypothalamic-pituitary-adrenal axis in rats.
This was supported by a study which mentioned how dysregulation of HPA axis function is another mechanism involved in MSG-induced anxiety [44] . MSG increases CNS glutamate level which in turn activates HPA axis, leading to increased glucocorticoids. These elevated glucocorticoids inhibit BDNF in the hippocampus and the prefrontal cortex, contributing to the development of depression and anxiety disorders [45] . Moreover, exposure to glucocorticoids contributes to the process of excitotoxicity, which occurs due to MSG. This harmful effect of glucocorticoids can be produced through the inhibition of the reuptake of glutamate from synapses [46] . In high doses, vitamin C significantly reduced the corticosterone level. This suggests the anti-hypercorticosteronism effect of vitamin C, which may play a role in its protective effect against MSG-induced anxiety in rats.
In the buspirone-treated group, the mean corticosterone level was significantly increased compared to the control and MSG groups. This result refers to the possible role of buspirone in the activation of the HPA axis, which may explain its weak anxiolytic effect against MSGinduced anxiety and how it was also supported by [47] a study which demonstrated how the acute buspirone treatment (at a dose of 3 mg/kg) induced anxiogenic behaviors in the open field test in albino Wistar rats. These behaviors were associated with the elevation of plasma corticosterone level compared to the baseline. Furthermore, the addition of vitamin C to buspirone in both doses improved the high corticosterone level compared to the buspironetreated group. These findings suggest the possible protective effect of vitamin C against high corticosterone level induced by buspirone. A study [48] reported how vitamin C supplementation (25 or 100 mg/kg) decreased the corticosterone level in rats. Additionally, another study [49] reported that antioxidants such as vitamin C can protect against the oxidative damage induced by glucocorticoids.
The relationship between the increased corticosterone levels and anxiety disorders was explained by another study [50] , which mentioned that glucocorticoid production contributes significantly to cellular ROS production due to the release of free electrons during the final step of cortisol synthesis. Additionally, another study [51] reported how the high level of glucocorticoids enhances oxidative phosphorylation. Although oxidative phosphorylation is vital to reform ATP, it is associated with the release of free electrons and ROS formation. These ROS affect the hippocampus, leading to its degeneration which is related to anxiety disorders, especially PTSD [52] .
CONCLUSIONS
Vitamin C has an anxiolytic effect against MSG-induced anxiety which is more evident than buspirone, especially in the acute stage. Moreover, it can enhance the anxiolytic effect of buspirone when they are combined with each other. This effect is likely due to the antioxidant and the anti-corticosterone properties of vitamin. Further experimental studies are needed to find other mechanisms included in the potential anxiolytic effect of vitamin C.
Additionally, well-conducted clinical trials are needed to evaluate the usefulness of vitamin C to treat patients with anxiety symptoms, in addition to establishing the dose and supplementation times needed to reach positive results. Accordingly, we recommend using vitamin C as an anxiolytic drug, and to especially stress it being added to foods, especially for people suffering from anxiety, in addition to using vitamin C for any diseases that elevate corticosterone. Competing Interests: All authors related to this study are members of the medical pharmacology department of Cairo University. They declare that there is no conflict of interest associated with this manuscript.
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